Cancer is at present one of the most leading causes of death in the developed countries, and many efforts have been made to discover agents endowed with cytotoxic action. Natural products, with their ability to interact with more than one target, represent in medicinal chemistry a significant source of inspiration for the design of structural analogues with an improved pharmacological profile. Coumarins are an important family of natural and synthetic origin that has been attracting an intense interest in recent years for their remarkable array of biological activities, usually associated to low toxicity. It has been shown that 4-hydroxycoumarins derivatives bearing an aryl group in the 3 position of the coumarin skeleton, inhibit cell proliferation. Furthermore, a recent study shows that the most simple 4-hydroxycoumarin leads to a selective cytoskeleton disorganization in melanoma cells without affecting a non-tumoral fibroblastic cell line. Taking into account previous data about anti-tumor effects of coumarin derivatives we synthesized a new series of compounds structurally related to these, but exhibiting a new pattern of substitution that does not occur in nature and is not present in previously tested compounds. In particular in this communication we investigated the impact of different substituents at C-6 and the introduction of a hydroxyl group in diverse positions on the 3-aryl ring of the 4-hydroxycoumarin moiety on their antiproliferative activity by using two cancer cell lines.
Introduction
Coumarin is an important class of benzopyrones that is found in nature and acts as a structural subunit of more complex natural products. During the last decades, coumarins have been extensively studied for their pharmacological applications [l-7] . Among their various biological properties, antitumor activities and antiproliferative effects have aroused considerable attention [8] [9] [10] . In this regard, it has been found that several 4-hydroxycoumarins bearing an aryl group in 3 position of the coumarin nucleus, inhibit cell proliferation [11] . Furthermore, it has been reported that the most simple 4-hydroxycoumarin leads to a selective cytoskeleton disorganization in melanoma cells without affecting a non-tumoral fibroblastic cell line [12] . In this context, a new series of these derivatives has been synthesized and evaluated. In particular we studied the impact of the presence of different substituents at C-6 and the introduction or no of a hydroxyl group in various positions on the 3-aryl ring of the 4-hydroxycoumarin skeleton on their antiproliferative activity. We have analyzed the cytotoxic properties on breast adenocarcinoma (MCF-7) and human promyelocytic leukemia cells (HL-60).
Methods and experimental part

Chemistry
The synthesis of the compounds 1-9 was achieved by the preparation of different phenyliodonium coumarinate species (I-III) starting from the corresponding 3-unsubstituted 4-hydroxycoumarin.
Then we carried out the palladium catalyzed Suzuki coupling reaction between phenyliodonium zwitterions and the conveniently substituted phenyl boronic acids to afford the final compounds (Scheme 1 and General procedure for the preparation of 3-phenyliodonium coumarinates I, II and III: iodobenzene diacetate (10 mmol) was suspended in a solution of Na 2 CO 3 (10 mmol) in water (100 mL) and was stirred for 30 min at room temperature. To this solution was added a mixture of the corresponding 4-hydroxycoumarin (10 mmol) and Na 2 CO 3 (10 mmol) in water (100 mL). After the mixture was stirred at room temperature for 14 h, the precipitate was collected by filtration, washed with water (5 x 20 mL) and dried under vacuum. The resulting white solid was used without further purification. General procedure for the preparation of 3-aryl-4-hydroxycoumarins 1-9: a degassed solution of appropriated phenyl boronic acid (1.21 mmol) and P(t-But) 3 (0.109 mmol) in DME and H 2 O (4:1, 12.5 mL) was added to a mixture of iodonium ylide (0.55 mmol), LiOH/H 2 O (1.65 mmol) and Pd(OAc) 2 (0.027 mmol) under argon at room temperature. After being stirred at the same temperature for 24-48 h. The resulting mixture was purified by FC (hexane/ethyl acetate, 7:3)to give the desired compound.
HL-60 and MCF-7 antiproliferative assays
The inhibition of cell proliferation by these diversely substituted coumarins 1-9 was evaluated in vitro using the human breast MCF-7 cells and the human promyelocytic leukemia HL-60 cells. Cell proliferation assay was carried out by using the Cell Proliferation Reagent WST-1 (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulphonate) (Roche, Mannheim, Germany) based on the mitochondrial enzymatic cleavage of the WST-1 to formazan salt, whose formation has been monitored by measuring the absorbance at 450 nm, as previously described [15] .
The HL60 and the MCF-7 cells line were purchased from the American Type Culture Collection. HL60 cells were grown in Iscove's modified Dulbecco's medium with 2 mM L-glutamine supplemented with 20% fetal bovine serum, 1 μg/ml amphotericin B, 100 units/ml penicillin, and 100 μg/ml streptomycin (all from Life Technologies Invitrogen, Basel, Switzerland). MCF-7 cells were cultured in RPMI 1640 medium containing penicillin (100 U/ml), streptomycin (100 μg/ml), amphotericin B (1 μg/ml), 2 mM L-glutamine and 10% fetal bovine serum (all from Life Technologies Invitrogen, Basel, Switzerland). All cells were grown in a humidified incubator at 37°C and 5% CO 2 . Cells were seeded into 96-well plates at a density of 2x10 6 per well and incubated at 37 °C with 5% CO 2 . After 24 h incubation to allow cell attachment, cells were treated for 72 h with the acetylenic compounds in the range 0.1-100 M. For the HL-60 cells it is not necessary to wait the time of incubation to allow cell attachment because the cells are in suspension. At the end of the 
Results and Discussion
The antiproliferative effects obtained at 10 μM with compounds 1-9 are reported in Table 2 . The inhibition of cell proliferation was expressed as percentage of viable cells in treated samples as compared to vehicle-treated cells. Each value was obtained from two/three independent experiments carried out in triplicate. The results found that the compound 4 is the most potent molecule in the series. So we calculated by nonlinear least squares curve fitting (GraphPad Software, San Diego, CA, USA) its 50% inhibitory concentration on MCF-7 proliferation (IC 50 ) ( Table 3) . Unfortunately, between all synthesized coumarins only compound 4, that presents a m-hydroxy group in the 3-aryl ring, showed a significant antiproliferative activity on MCF-7 cells. It was more potent than simple coumarin, but not that tamoxifen, used as reference compounds. As regard the citotoxic activity on HL-60 cells, the compound 9 turns out to be the most potent of evaluated series even if the values obtained (65.4 % of cell viability) are over the border-line range.
Although the results obtained are not as expected, they are important to better understand what molecular fragments are essential to obtain and or improve the activity. It appears that the presence of a substituent at 6 position in 4-hydroxycoumarin nucleus is not really fundamental. Whereas the introduction of a hydroxyl group on the 3-aryl ring changes the activity. In particular the meta position seems to be the good goal in the antiproliferative activity of MCF-7 cells. When the hydroxyl group is included in para position the antiproliferative activity is lost.
Conclusion
As conclusion, we synthesized a series of nine compounds using an efficient and versatile synthetic route. We investigated and evaluated their antiproliferative activity on MCF-7 and HL-60 cells. We found that the most potent of these molecules has a m-hydroxyl group in the 3 aryl ring. These preliminary results allows us to make structural improvements in the 4-hydroxycoumarin nucleus and encourage us to continue the efforts towards the optimization of its pharmacological profile.
